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‘ SOME RESEARCH FEATURES OF THE APPLI ‘CATION OF ELECTRICITY TO AGRICULTURE . 


By 
R, W. Trellinger, Specialist in Rural Engineering, 
Office of Experiment Stations, U» S. Department of Agriculture. 


INTRODUCTI GN 
- x 
The purpose of this paper is to bring to light and analyze in a prelim- 
inary manner some of the apparently more important research features involved 
in a proposed develormment, having for its ultimate objective tne exclusive 
use of electricity in all agricultural processes requiring a tangible source 
of energy. 


Data are available from various sources to show that the cost of actual 
production of electrical energy is in many cases a reiatively small item as 
compared with the costs of transmission, distribution, and transformation. 

It is easy to understand therefore that with the long distance transmission 
required and the relatively smail number of consumers per mile of transmission, 
American agriculture can not hope to generally secure central station electrical 
service at urban rates ag long as there is no greater rural consumption of 
électrical energy than that incident to lighting and the miscelianeous small 
belt and shaft jobs in the house and around the farmyard. 


Obviously American agriculture can not successfully utilize electrical 
energy unless the cost thereof and the returns from the processes employing 
it are such as to make the practice a profitable one, Just as obviously the 
central stations can not be expected to invest money in equipment for meeting a 
rural load unless that load is large and constant enough to pay a reasonable 
return on the investment. 


It therefore logically follows that the only way to lower the cost of 
central station energy to a rate at which its general use in agriculture is 
profitable, is to increase its profitable agricultural use to such an extent 
that the resulting load corresponds to a reasonable rate of profit for both 
the central station and the individual farmers. 


With this in view and at the requést of the Committee on the Relation of 
Electricity to Agriculture, the Office of Experiment Stations of the U. 58, 
Department of Agriculture wndertook an impartial study of the research features 
of the subject with a view to formulating an investigational and research 
program to serve as a guide to State institutions and others in the planning 
and conduct of developmental research on profitable uses cf electricity in 
agricultural processes. This paper constitutes a preliminary progress report 
of this study to date. 


*Report presented at the 18th annual meeting of the American Society of Agri- 
cultural Engineers, June 17-20, Lincoln, Nebraska. 
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SCOPE OF THE STUDY 


It would seem best for present purposes to assume that electrical energy 
of the proper voltage is avaiable to farmers. This eliminates the purely 
electrical engineering phases of production, transmission, and transformation 
for the time being, thé problems of which are obvious logical responsibilities 
of the electrical people themselves. Of course the nature of such transmission 
and transformation should be governed largely by the general requirements of 
farming, and the definite formulation of such requirements for the information 
and guidance of the central stations is one of the important ultimate considera- 
tions. However, before these broad general requirements can be formulated with 
any degree of finality for different types of agriculture, it would seem 
necessary to first confine consideration of the probiem to its agricultural and 
agricultural engineering phases to determine the nature of the requirements 
of the individual processes involved, 


Consultation with agricultural engineers throughout the United States 
and with specialists in other branches of agriculture revealed the strong 
probability that the problem of the application of electricity to agriculture 
will touch practically every recognized branch of agricultural investigation. 
Its progressive development would seem to fall into four major divisions, - 
which in their logical order are: 


1. The application of electricity as a source of energy to present 
farming practices. 

2.. The development of new practices made possible by use of elec- 
tricity, including the more complete processing of products. 

3. The development of unused natural resources on the farm. 

fh. The staggering of industrial operations with farm operations to 
secure constancy as well as size of profitable load. 


This paper is limited to present farm practices, since it appears 
most logical to meet present requirements first and to study the iro 
of new practices as the need for their development becomes evident. 


The work so far has suggested in a broad general way the possibility of 
employing electricity as a source of energy in the following very general 
agricultural practices at present in vogue in different types of agriculture: 


1. House lighting, 
2. House heating 
3. Cooking 
- ood preparation, including meat curing. 
5. All mechanical operations requiring power, including belt and shaft - 
work and field operations. 
6. Field and truck crop production. : 
7. Animal vroduction, including feed curing and water pee 
8. Dairying, including milk sterilization and pasteurization. 
9. Poultry husbandry and egg production, 
10. Orchard practices, including heating. 
11, Combating insect pests and hail. 
12, Drainage and irrigation pumping. 
13. Miscellaneous practices, 
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seaicm cepa indicates that Lyonerie lighting, whether of farm or city 
dwellings and premises, is a well established and more or less economical 
practice presenting advantages as to convenience, economy of time, cleanli- 
ness, and safety from fire hazards of such a degree as to leave little room 
for argument against it, From the standpoint of research or investigation, 
no problem exists for all practical purposes except the purely. electrical one 
of aes Pe Coe eae ist fe Core: detail. 

aie problem presented by electric prntnee on the farm seems to be one 
purely of economics. ~~ The Lighting load is faixly constant the year round,-but 
there is ample evidence to indicate that it is not by- any means sufficient to 
justify general rural electrification.. European experience (1) indicates that 
the lighting load in buildings is usvAally proportional to the size of the farm. 
Experience in the Province of Ontario, Canada (2) indicates that the distribu- 
tion of electrical: energy in rural districts must meet at Least eight main os 
classes of service, in cath a which lighting is included as a necessary inei- 


“dental to build up the total Load but always dependent ‘upon ‘other service to 


7 


justify it. Experience in an Indiana county (3) in which a rural eléctric sys- 
tem supplied electric Light and power to°100 strictly farm customers: from a 
central station showed the dependence of~the electric light upon other loads to 
make it economically feasible. Experience in a‘more or less thickly settled 
rural community of Vermont (4) showed that electric lignting cost 15. cents per 


‘Kilowatt hour up to an energy’ comsumption of 20 kilowatt hours per month befere 
‘a reduction in rat € Was economically feasible. On ‘the other hand, data from cL 


electrical substations ‘in Denmark (5). ‘showed that with proper proportions of 
lighting and motor service loads and correspondingly propane nee. rates cooper 
ative central grethons ce be made~ ee ee: ee : 


“i HOUSE ARATING. 


“Ms: 


‘The heating of se oy etect¥icity ig not by. any means @ well ‘estab=: 


ii 


‘lished practice even in cities, the - Od3 jéction being that it is’ “generally too” 
expensive. However, it also offers a'means of increasing the electrical load, 


and the available information indicates that it is a convenient, effective, 
clean,and relatively safe means of heating. The fact- that i+ is an expensive 
method of heating houses as compared with other methods would suggest lack of 
perfection 5f detail of the heating apparatus ‘itself as well as inadequate | 
knowledge as to proper manipulation and use. That it is a ‘generally impractical 
method of heating at present is indicated by the results of experience by the 

U. S. Reclamation Service (6) on its Minidoka irrigation project... It was 
found that when using power supplied by the project generating station, elec- 
tricity at $2 per month per kilowatt will compete with coal at $8 per ton with 


- an average season for heating of from 5 to-6 motiths. The general conclusion 


was drawn, however, that while electric heating is’ sometimes justified as 

a by-product load, it will rarely if ever te sconomically feasible to develap 
electricity from water power for the prime pmrpose of using it generally to 
heat buildings, where fuel can be oP iets. at reasonable PRA Ce 


In spite of the eet evorsh ie A etee ‘regarding the use of electricity | 
for heating, this practice obviously offers & problem worthy of consideration. 
The heating load will undoubtedly add considerably to the total farm load, thus 
tending to lower the rate for current. -The fuel problem is getting to be a 
serious one, and the time may come when électric heating for at least part of 
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the year will of necessity receive serious. consideration in some localities. 
Presumably the problem is one largely of the perfection of heating element and 
of general manipulation and of ffers an opportunity for interesting electrical 
equipment research, as well as SS yet OR a research. — 


COOKING, 


Past experience has shown that indie with didetricst? is in veneral 
not a very economical procedure. However, electric cooking offers another 
opportunity for farm consumers of electricity to increase the total electrical 
load.. While the fuei situation may be good in some instances as far as 
cooking is concerned, it is certainly becoming a pressing problem in- many 
localities. The development of the economic use of electricity for this pur- 
pose therefore seems worthy of consideration. ay 


The problem-in electrical cooking seems to be twofold, the first heing one 
for the attention of the food and cooking specialist and the second being one 
of the perfection of detail of the cooking apparatus itself for the attention 
of the engineer, Cbviously the work of the food specialist.mst come first 
in order that the exact requirements for the optimum cooking of different foods 
may be determined- to serve as a basis for the perfection of the “cooking. appara~ 
tus pnd its proper ee 


“An Lee of the’ electric cooking load of a central station in southern 

California (7) supplying over 3,000 electric ranges, of which 95 per cent are 
n private houses, showed that electric cooking service tends in the long run 
to conserve both food and fuel. On the other hand, studies of electric ranges 
at the Kansas State Agricultural College (8) showed that electricity even at 

3 cents per kilowatt hour is an expensive’ form of fuel for cooking as compared 
with artificial gas at $1 per 1,000 cu. ft._or oe at $8 per ton, costing 
approximately 100 per cent more than by use of either of these fuels. Thus it 
is evident that locality and environment are Aictace for consideration in the 
development of a profitable electrical cooking load. Undoubtedly where arti- 
ficial or natural gas is cheap and easily available, it is much more difficult 
to make a favorable case for electrical cooking than a the same condition 
exists for electrical energy. 


The problem is verhaps more typical and unbiased in localities where 
_neither electricity nor fuels have any initial advantage. For instance, tests 
were conducted at the University of-Missouri (9) with three commercial and 
several specially constructed experimental electric ovens to determine the 
amounts of energy consumed in cooking and the best methods of preparing differ- 
‘ent foods for the electric oven. The results showed that when baking bread, 
biscuits, etc., the energy lost when the door of an electric oven was open for 
15 seconds at an oven temperature of 392° F, amounted. to 12 watt hours. The 
most economical temperature for preparing rare ane See rare roasts was 
found to be 100° ¥, and for well done roasts 120° The best range:of oven 
temperatures for baking biscuits was found to be lame, 200 to 240° F. When 
starting with the oven at the required temperature, the energy necessary for 
baking biscuits was found to be practically the same for all oven temperatures. 
If it was necessary to heat up the. oven from the room temperature, the most 
economical oven temperature was found to be the lowest which will give: satis- 
‘factory results, that is about-2009 F. The best range of temperatures for 
baking a small sized loaf of bread wis found to be from 180 to 20° F. ‘ 
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When starting with the oven at the required temperature the most economical 
temperature for baking bread was between 220 and 2HO°F, When preheating 
was included the most economical temperature for a small sized loaf of bread 
was between 200 and 215°F. The best range of tonperature for sponge cake 
was between 170 and 190°F, As a general proposition, it was found that 

a heating element in the upper part of the oven is necessary to get the 

best results for baking at the higher temperatures. It was further found 
that, on the basis of electricity at 5 cents per kilowatt hour and allowing 
an interest and depreciation charge of 25 per cent, the most economical 
thickness of kicselghur insulation for domestic use is from 3.t0 4 inches. 


English experiments (10) on electric cooking showed that the loss.in- 
weight of different kinds of meats was apparently less with clectric cooking 
than with gas or coal-fired cooking and the flavor of the product was vastly 
superior, both being due apparently. to the more. flexible and precise control 
of the electrical heat. Studics in Australia (11) on the development of 
economical electric cooking apparatus, including ovens and hot plates, showed 
that nichrome is the most satisfactory material for the wires and green 
fustralian mica is the best material for the insulator and support for hcating 
units. Slag wool and flaked mica were found to be the best thermal insula- 
tors for oven construction, 


It is thus plainly evident that the building up of an economical and 
profitable electric cooking load is not a matter merely of installing some 
kind of commercial electrical stove on every farm and doing all cooking 
therewith. Comparative tcsts of gas and clectricity for cooking (12) under 
identical conditions with an arbitrarily sclected commercial electric stove 
showed, for cxample, that the electricity was about 4.5 times as costly as 
gas for cooking various meets, and about 6 times as costly for heating water. 
Similar tests in England (13) gave almost identical results, Obviously then, 
the development of a profitable clectric cooking'load must begin with some=- 
thing more fundamental than mere installation of the system or even with com- 
parative tcsts of dirfcrent commercial types of electrical Cooking apparatus. 
The food specialist must detcrmine the ranges of tempcratures and other 
conditions for the best and most economical cooking of difforent foods. With. 
this information as a basis, the cnginecr must. devclop electrical cooking apparat 
which, with prover manipulation, will satisfactorily meet the cooking require- 
ments with a minimum loss of heat and the most economical utilization of 
Slectricals ononeiye tial 


FOOD PREPARATION AND MEAT CURING, 


Some phases of food preparation are closely allicd to cooking as far as 
the building up of. a rural, electrical load is concerned. Such practices as 
the canning of frvits and vegetaoles, for example, and the making of preserves 
and jellies, all of which involve the use of cooking heat, might be included in 


c) 


the building up of an clectric cooking load. As in the cooking of foods, it is 
necessary to determine the exact requirements for heat and energy in the prepar- 
ation of sucn canned Tools as a basis for the.economical development and opera- 


tion of the electrical apparatus required. Much work has already been done by 
home economists and nutrision experts of State and othcr. institutions on the 
preparation of such foods as canned fruits and vegetables, preserves and jellies, 
and even canned meats, and considerable data shovid bs available regarding the 
temperature amounts and ranges required in such processes, 
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The dehyd:ation of fruits, particularly in the large fruit-producing 
sections, apparently offers another opportuni ty for the building up ofa pro= 
fitable electrical load, especially in view of the susceptibility of elec- 
trical energy to precise manivulation and control. The work at the California 
Experiment Station (14) brings out in particular some of the important requires 
ments of proper fruit dehydration. The work of the committee on the manufactur< 
of farm »vroducts headed by Professor Fletcher (15) brought out the importance 
of securing more fundamental information regarding the best conditions or 
temperature, moisture, ventilation, etc., to maintain for the dehydration of 
various fruits, the factors governing which are numerous, extremely variable, 
and difficult of exact measurement and control. The problem is clear cut as 
far as the building up of a profitable electrical load is concerned. 


The use of an electric current in meat curing has been found to offer 
possibilities as a process and incidentally as a means for building up rural 
electrical load. Experiments are on record (16) which indicate that the 
passage of an electrical current through a vat containing meat in pickle is 
an effective curing process. Further experiments (17) showed that meat cures 
more rapidly than by the usual procéss when it is placed in pickle in vats 
containing systems of electrodes at each end, forming poles from which an ~ 
electric current passes through the bring and meat, alternating from pole to 
pole. Other experiments on this process (18) indicated that the sodium 
chlorid in the brine is dissociated by the electric current and recombined 
in the meat, forming sodium hypochlorite, thus bringing the meat into contact 
with a solution of a strong antiseptic. Evidently much investigational work 
is necessary before this process is perfected or even its feasibility estab- 
lished. 


MECHANICAL FARM OPERATIONS. 


The use of electricity as the source of energy in the large number of 
belt, shaft, and direct drive, and traction jobs around the farmhouse and yard 
and in the field offers perhaps the biggest opportunity for the building up 
of a substantial and economical rural electrical load. These jobs are so 
numerous as to make it impracticable to discuss them all in this paper. The 
power requirements of many of them are so well known and so nearly the same as 
to offer practically no problem from the standpoint of research or investiga- 
tion, The work of Duffee and Palmer at the University of Wisconsin brought 
much data of this nature to light (19). Other studies reported to the 
American Society of Agricultural Engineers (20) on small motor applications 
for farm work showed, for instance, that 1 cent's worth of electricity at 10 
cents per kilowatt hour will operate a 5-pound flat, iron for 15 minutes, drive 
an electric vacuum cleaner long enough to clean 450 square feet of carpet, 
lift 100 gallons of water 100 feet, keep a heating pad hot for from two to 
three hours, or run a sowing machines for two hours, a 12-inch electric fan for 
two hours, or a buffer and grinder for 1z hours. These and other small motor 
uses apparently offer little opportunity for further development along econom— 
ical lines except perhaps improvement in minor mechanical detail. 


While these mechanical operations using small standard motors would 
seem to offer no particular problem when the larger belt, shaft, and traction 
operations are taken into consideration, the problem is such as to be m0 
longer susceptible ‘of solution by belting a standard motor to existing power 
machinery. 
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This point has been brought out forcibly in studies of the use of él 6cbrieal 
energy in agriculture on the European Continent Lars The Limited seasonal — 
use of. much of the machi nery end the extremely variable power requirements 

of machinery for aifferent operations, and in. some cases for the same 
operations, are most important factors adding to the complexi ity of the problom. 
‘The work at the Wisconsin Station on silage cutters, in which power requiree 
mehts,capacities, and best operating speeds varied widely, serves as a 
striking example of the problem confronting those who propose to" use ‘elec= 
trical enéregy generally for this class of work. 


Perhaps one of the largest. possible uses of electrical energy in mechan- 
ical operations would be in field work such as plowing, cultivation, etc. The 
load on such work would extend practically throughout the growing season and 
might be extended further if electric tractors and trucks were developed 
- suitable for farm hauling conditions. In this connection the problem of direct 
electric drive for traction operations on the farm seems to lie in the develop- 
ment of tractors employing electric motors which are fed either indirectly by 
cable from a transmission line or directly by a storage battery. The problems 
in either case have apparently never been solved with any marked degree of © 
satisfaction, 

‘both 

Some work has been done/in this country and abroad on the development 
of electric tractors fed-by cable. Some such work was done at the California 
Station some years azo (23 di and it is understood that work along similar lines 
is still in progress at that station. The original experiments demonstrated, 
by what was considered to be a crude experimental machine, that the soil could 
actually be cultivated by electric power and that there were at least no funda- 
mental obstacles. A light machine was found to be desirable for garden work 
. owing to the ease of handling and the reduced power comsurption. The overload 

capacity of an electric motor was found to be an important feature in its favor 
for such work. No information is available as to the present status of this 
work, The Alabama Station is also Beene ine to undertake developmental worl 
along this line, 


‘Studies conducted in Sweden (22) have resulted in the development of a 
system of cultivation by means of which an electric tractor with an attached 
plow and overhead electric cable winding on a drum is used, The field is 
divided so as to reduce the distance through which the plow has to be driven 
along the headlands to a minimum, and an open furrow is left midway between 
two ridges. During a short test a rubber insulated cable shoved no signs of 
wear, while during a long-time test a cable under stress was dram over pulleys 
at the mast and over a part of the cable drum for a distance of about 4,600 
miles without being ruined, Much is apparently yet to be learned before this 
type of tractor can be made a success. | 


Experiments in France (23) with various systems of power plowing using 
electricity as a source of power indicated that tractors are not essential 
for deep plowing. The windlass and cable method using a stationary source : 
of power at the end of the field was found to be equally effective and to use 
Cheaper and more durable equipment, However, vhile the minimum horsepower 
theoretically necessary was about 30, the actual minimum necessary horsepower 
of an ovsfit was about 60. in order to provide a sufficient factor of safety 
for roots, stones, and other losses. In fact, electric windlasses built roy 
plowing service generally are capable’ of from 75 to 100 horsepower, such 
machines being able to plow from 3.5 to about 15 acres per day of 12 hours. 
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When considering power required and accomplishment, such outfits in their 
present stage of development do not compare very favorably with our. light 
and rather flexible internal-combustion tractors developing relatively much. 
less power. Further experiments in Germany (24) with similar outfits showed _ 
that while plowing in this manner with a gang plow may be a profitable oper- 
ation, it can not be so unless fitted. into a general scheme of profitable 
utilization of electricity throughout the year. Data from other farm experience 
in Europe (25) shoved that the first cost of a practical electric plowing 
system of this type averages about $10,000. On the other hand, Italian 
experiments (26) have shoyn that electrical power for plowing when available 
at from 3 to 5 cents per kilowatt hour is considerably ge ee than steam or 
animal power. 


It is thus plainly evident that the development of an effective and 
economical tractor or plowing outfit has never proceeded much beyomd the pre- 
liminary stages. The variable results so far obtained would indicate that 
not enough is yet know about plowing and cultivating and the maéhinery suit- 
able therefor to form a sound basis for the final development:-of electrical 
traction plowing apparatus, Everything indicates that such development must 
follow the elucidation and establishment of the fundamental principles of soil 
dymonics and the development of corresponding tillage machinery LES aSeso . 
provide a profitable addition to the farm electrical load. There are so many 
unknowm: factors. of soil dymamics affecting tillage and other factors such as 

speed of operation, friction, impulsive traction, ete., all of rhich vill 
influence the development of electrical power units for cultivation as to make 
it seem quite impractical at this time to undertake the manufacture of elec- 
trical tractors for Leena operations except for experimental use. 


In this connection, attention may well be draym to recent studies con= 
ducted at the Rothamsted Experimental Station in England (27) on an electrical 
-method for the reduction of draft in plowing. On the basis that an appreciable 

fraction, estimated roughly at one-third, of the total work done in ploving 

is expended in overcoming the frictional forces betxeen the moldboard and the 
soil, an electrical method of reducing the friction on moist surfaces which 
depends upon the phenomenon of electroendosmose exhibited by moist soil was 
developed. it was found that, by virtue of the negative charge of the soil 
colloids, “ater will move through:moist soil toward the negative electredes 
under the action of an dlectric current. It was fotmd both in the laboratory 
_and in the field that if a current was passed throygh the soil having the 
moldboard of a plow as the négative electrode, the film of’ water formed at the 
sOil=metal surfaez acted as a lubricant and reduced the plowing draft, Es- 
pecially striking reductions in frictional losses were obtained by the use of 
such current in laboratory experiments in which a slider consisting of a 
weighted metal spatula. was drarm over the surfacs of a slab of moist soil in 

a, metal tray by means of a thread passing over a pulley to a scale pan. 
Preliminary tests in the field demonstrated that the draft of 2 plow could 

be reduced by applying the current betvreen the covlter and the moldboard, 
While the magnitude of the reduction obtained with this arrangement was not 
great enough to have an immediate practical value, the method is considered to 
offer marked possibilities for further development along practical and profit- 
able lines. Thug if practical electrical plowing apparatus were available, 
these experiments vould suggest the possibility of developing a twofold profit- 
able use of electricity in ploving operations. 
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liuch the same general indecigion prevails throughout results of. exper 
ience on the use of electricity in other larger pover operations of the farm. 
Experiments in Ontario, Canada (28), shown that motors developing from 1 
to 8 horsepower will do all of the ordinary power work of the farm, while for 
the heavier work such as threshing, silo filling, feed grinding, etc., at 
least 20 horsepower motors are required. Experiments already reported to the 
American Society of Agricultural Engincers (20) demonstrated the variable power 
requirements of different operations and machines, At the same time it was 
shown that a feed grinder could be operated at 650 revolutions per minute by 
a 5 horsepower motor when grinding corn with a pover consumption of 0.433 
kilowatt hours per bushel and by a 15 horsepower motor under siiilar conditions 
with a power consumption of 0.411 kilowatt hours per bushel. Another signifi- 
cant finding was that a small thresher having a 28-inch cylinder and a 4o-inch 
separator could be driven by a 15 horsepower motor with power consumption of 
2.62, 2.36, and 2.7 kilowatt hours per ton of oats, barley,and wheat respec- 
tively. The results of the threshing experiments in lowa (29), in which an 
outfit consisting of a 30 horsepower, 220 volt, 60 cycle, single phase motor“. 
was used with a threshing machine having a 32-inch cylinder and a 54-inch 
separator on barley separations, showed that with electricity at 5 cents per 
kilowatt hour the operating expense was 25 per cent less than that by steam 
engine. About 6.5 bushels of barley were threshed per kilovatt hour of power 
used. + 


On the other hand, experiments in Germany (30) showed that steam engine 
power was essentially cheaper and more efficient than electrical energy for 
threshing. Other German experiments (31) gave similar results generally in 
favor of steam power, However, French tests (32) demonstrated the superior- 
ity of electrical energy over horsepower for threshing in both cost and accom- 
plishment. German experiments (33) confirméd these results, indicating that 
the vork accomplished by slectrical motors in threshing was nearly 17 per cent 
greater than that by horsepower owing largely to uniformity of operation. 


Experiments in a rural community (34) on the commrative values of 
steam power and electrical energy for silo filling showed that the daily rent, 
including the cost of the energy consumed by a 15 horsepower electric motor 
with transformer mounted on a truck, was considerably less than the expense of 
using a steam traction engine. The avernge energy required per ton of silage 
cut and clevated was 1.17 kilowatt hours. Some question may be raised as to 
the general applicability of these results when the variable pover requirements, 
speeds, and capacities of different silo fillers are considered, especially as 
indicated by the Wisconsin experiments. It ould seem that before electricity 
can be applied most effectively and economically to silage cutting and elevating, 
more must be learned about the power and speed requirements of these protesses 
as a basis for the development: of the michinery involved along more rational 
and standardized lines. 


There are many other mechanical farm operations of médium power require- 
ment which have been successfully performed with electric motors such as ice 
harvesting (35,36), operating refrigerating apparatus, binder driving, etc. 
Records of such experience also exist, indicating that electric power does not 
compare favorably with other forms of pover. For example, experiments conducted 
in Germany (37) on the efficiency and economy of steam and internal-combustion 
engines and clectric motors for a large number of medium power mechanical farm’ 
operations showed that the internal-combustion engine was the most efficient 
type of power for the smaller operations under actual working conditions. 
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The steam ongine usually gave botter results for the heavier operations. The 
results in gener:l were more or less unfavorable to the use of central station 
electricity on farms for this purpose. In the face of these results, exper- 
iments conducted at the University of Missouri. (38) led to the conclusion that 
the convenience and eise of operation of clectric motors are such as to make 
their daily use profitable in many farm eg aS. 


oF reat consideration of ces brief ‘summary ‘of sienificant but never- 
theless moré or-léss conflicting results would ge em to iridicste that the use 
of electric: motors generally in practically 211 mechanical” farm operations is 
a quite promising possitility,. mick incidentally also offers a quite consider- 
able field for the ‘building up of the total. clectrical load. Horever, the 
general conclusion -dram -from extensive’ ‘Eyropean experiments (39) that any 
farm machine vhich revolves or has revolving parts can be operated by electric 
‘motor more effectively and. economically. then by. any other means is undoubtedly . 
extremely optimistic with reference to the present status of the use of elec~ 
tricity in agriculture,. On the other hand, shen it is considered that this 
conclusion is bascd-vpon a proposed fundamental study of the requirements of ? 
each process and machine as.a basis for the gradual and rational application 
of electrical -pover, it ss ig seam £0 sound - somewhat more reasonable. 
Owing to els ieee potrer losse Le it would scem that success in thig 
undertaking lies largely in the develoorent of the use of smaller power units 
in agricultural operations. This is borne out by experimental data already 
ete eta and strongly. indicat es- the ultimate necessity ‘of overhauling practi- 
cally all of the larger povrer operations with a view to effecting the applica- 
“tion of smaller vower units-operating over longer periods of time, This will 
:-involve:a compiete study..of the fundamental - requirements of 211 meé¢hanical 
“operations to determine -how:. far such a procedure can be extended. and may mean 
the complete redevelopment Gt. a ‘number of agricultural machines, -- The ne¢essity 
for such a- study of process. requirement s and. the development of ‘corresponding 
machines is indicated anyhow in the case of many machines such as° silage 
cutters, tillage machinery, and. others which show a broad variation in operating 
characteristics among. the .commercially available types: It -s¢ems.evident, 
therefore, that the building up of a profitable electrical load’ in connection 
with.mechanical farm operations must inevitably be the result of very intensive 
research: and investigation leading to oe ory erantad seyelomnene “of BEREEases 
and machines, - > oe ass 


CROP PRODUCTI ON. 


. 


The ase. of electricity. in crop ‘prod uction,’ Pau ode ‘aside from the mechan-- 
ical operations. involved, has held. the attention, ‘of scientists in this and 
other countries. for seve ‘ral “decades, In ‘fact there ig available a history of £ 
research involved in the gradual development ‘of so-ca led electroculture ex- 
tending back over a period of at least 40 years. . 


An effort cas undoubtedly — made in this “rorl to get at the funda- 
mentals of the process. The inves tigators have obviously been less interested 
in the building up of an electrical load than they have been in establishing the 
nature of ‘the stimulation of crop growth and ‘yield oy electricity aad in maine 
a ee application of the process. 


1 0503042 Kh resect: Sauna 


-ll- 


The work on electroculture so far is, however, obviously quite incomplete 
and has been productive of more or less unsatisfactory and in many cases con- 
tradictory results. On the ether hand, as it has progressed through a very 
gradual but nevertheless altogether. normal development, it has indicated cer- 
tain very definite lines of fundamental study, each-of which may have a more 
or less marked influence on the success. or failure of the process. 


These lines of study may be grouped broadly under stimulation by electric 
light, by overhead atmospheric electrical discharge, by soil electrification, 
and by eléctrical seed treatment either direct or indirect. While no attempt 
will be made to give the complete history of each line of work, attention will 
be drawn to a sufficient. number of ‘typical instances to indicate general 
results and CE nse Neer oe , 

? os ’ a wz 

Effect of electric light on crop growth.--A long series. of studies were 

conducted at the New York Cornell Station (40) on the influence of the elec- 
tric are light upon greenhouse plants. These showed as a whole that the 
electric are light promoted assimilation, hastened Zrowth and maturity, was 
capable of producing natural flavors and colors in fruits, and increased the 
production of flowers. Periods of darkness were. found to be unnecessary to 
the growth and development of plants. A-continuation of this work (41) in 
which an are light with a clear glass globe was hung above the greenhouse 
showed that lettuce was. ereatly. benefited, radishes, beets, and spinach were 
somewhat benefited, cauliflowers tended to grow taller and make fewer and 
smaller heads, engl: with endiyes. the results were negative. The electric. 
light did not appear to determine or modify the periods of growth of lettuce. 
Further studies (42) showed. that a. naked electric arc lamp in the. greenhouse 
greatly injured cauliflowers growing near it, but exerted little. influence. 
beyond 10 feet. Electric light transmitted: through. glass screens of different 
colors exerted decided influences on radish and lettuce plants early in their 
growth, which tended to disappear as the. plants. approached maturity. Tests 

of the effect of incandescent electric light on plants in greenhouses at the 
West Virginia. Station (43). showed that the incandescent ‘light had a marked 
effect upon greenhouse. plants, especially in foliage growth for plants such 
as lettuce, It induced objectionable early. running to seed in such plants as 
spinach and endive. Proper watering appeared to be more important for radishes, 
beans, and cuttings than improper watering with electric light. The results 
were more marked the stronger the light. There was some doubt as to the economy 
of this process, 


Austrian experiments (44) on the influence of varying the intensity and 
duration of illumination on such crops as beans, mustard, and wheat showed 
that contimous illumination with carbon lamps of from 25 to 100 candle power 
lights accelerated growth. German experiments (45) Saeed that seeds germinate 
earlier under electric light and that bulbs, beets, beans, flax, and other 
. plants produce. seed-earlier, Other experiments in this country (46) indicated 
the superiority of the ruby light for radishes and violet light for lettuce, 
especially under high frequency. . 


These experiments as a whole indicate that artificial illumination of 
crops by electricity offers considerable possibility. Apparently the 
advantage gained lies mainly in hastened maturity, which is of course a dis- 
advantage in the case of some truck crops. Incandescent lights seem to be 
somewhat superior to are lights and apparently the color spectrum has a 
bearing on the matter. It would seem that the. problem now is to determine 
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_ those plants actually ‘Benet ited ayy such’ treatment, ie nature of the benefit, 
their. specific requirements for. light to produce opti imam SrowtW and yield, 

_ and the degree of and color of illimination giving the most profitable results 
as a basis for deve loping this practice asa Eee, ‘of the rural electrical 
pecans 


2 Effect | ‘of See sie iaee ‘stimlation on crop growth, —-The results 
of experience in the overhead electrical treatment of crops have been many and 
varied. Early experiments at the Massachusetts ‘Station - (47) gave results 
generally in favor of overhead electrification of crops. French studies (48) 
showed that electrical currents have a direct and indirect influence ‘upon 
plants. Under the direct influence the protoplasmic membrane losés its semi- 
permeable nature and permits the electrolytes to escape from the cells, The 
albuminoid systems of the cells ‘behave in a similar manner, ‘their ions escap- e 
ing from the cell and distributing ‘themselves toward the Poet at or Boge 
Be OE in proportion to their electrolytic’ nature. 


anehidies 2 in his agantee Bayh vegetables (46) ee that : Biante 
‘subjected to -high frequency electrification produced ‘greater increases than 
under any other type of treatment. Ona ‘large scale such treatment increased 
the yield of all garden crops except beans and peas. Similar results were 
obtained in English experiments (49), it being found that with a few excep- 
Rs gta CrGne were, adversely era eas / 


Pot oul ters guueicace conducted in Germany ~ (50), in which a current of 
~ from 491 000 to 40,060. volts was..taken from a machine and made to jump a dis- 
“bance Of ii ci, - tron a ‘copper wire point suspended over each pot to an upright 
copper wire point in the center-of the pot, showed. that when the suspended 
point was connected with either the positive or. ‘negative poie the current had 
an injurious effect upon rye and winter barley when applied during a period 
‘of from.16 to 20 days at stated intervals, “Reducing the charge increased 
these crops, especially when the copper points: in the pots were removed, In 
open air experiments, the atmo spheric moisture interfered with uniform dis- 
charges and resulted in yields varying from 5 per cent increase to 1/7 per cent 
decrease... When the discharge took place from points placed 13 cm, above a 
water surfa ce the evaporation was from eae. 10 times more rapid than from an 
untreated surfac 


Bohemian experiments (51),.in which insulated wire nets stretched ae a 
height of from 12 to 15 feet above growing beets were subjected to an electric 3 
current of from.50,000 to 70,000 volts and from 0.7 to 0.8 milliamperes, 
resulted in noticeably increased crop production and differences in chemical 
composition of the product, which-were attributed to a direct influence of oh 
the electricity upon the soil rather than upon the plant. German experiments 
(52) ‘with an electrical brush discharge of high tension showed no decided 
beneficial effects upon the growth of several cereals, Previous beneficial 
results were attrimied largely to an increase of transpiration- produced by 
' the electrical. wind died: tke brush discharge. 


oe 
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Experiments (53) on the application of a voltage stress to the atmosphere 
around plants caused good results only when the stress was applied on cloudy 
days and at night. No difference in stimulative effect was found when using 
the ground as a positive or a negative, and there was some tendency to show 
for all plants a curve approximating a straight’ line within certain limits, 
the slope of which was different for each plant. The general conclusion was 
drawn from these experiments that indirect stimulation of the root or plant 
increases the functional activity of the organs if they are far enough from | 
the point of application of the stimtlus to avoid the effect of direct stim- 
ulation. Although the immediate effect of direct stimlation was to retard . 
growth, it increased the internal energy 6f the plant and the after effect was 
to increase the growth rate. 


Other studies conducted in England (54) on the respiration of plants 
under various electrical.conditions showed that an increased crop or earlier 
maturity may be the Sie Ohta electrical treatment, Direct currents of a 
density of from 10-6 to 1O-* amperes had no effect on the respiration of peas 
other than that due to accompanying changes of temperature. Overhead dis- 
charges producing a current of density less than 3 X 10-5 amperes had no. 
effect on respiration. Electrification had no influence on respiration 
in the field either, so that any growth acceleration is due to stimulation of 
other plant functions than respiration, Further studies (55) in England 
on the distribution of overhead electrical discharges showed that the strength 
of the discharge from an overhead wire network at a high potential is a 
variable quantity, depending upon the mobility of the carriers of electricity 
and on the wind velocity. Measurements of potential gradient and of current 
density agreed in showing that the effect of the discharge is not limited 
to the area under the wires. Further studies on this feature (56) showed 
that screens surrounding electrified areas mst be higher, the carrying 
wires lower, and the plats more.completely isolated by screening and by loca- 
tion with reference to prevailing winds. Separation of experimental from 
control plats by a distance of at least 100 yards was indicated by other 
studies (57). 


German experiments (58%) on the influence of high frequency currents on 
plants showed that large increases in growth and chlorophyll formation of - 
several common vegetables were due to the oscillating field of an alternating 
electric current of very high potential and rapidity of oscillation and not 
to the heat generated by the current... 


Russian experiments (59) showed that while atmospheric electrical in- 
fluence increased crops, especially when employed during the hours of sunlight ,. 
its practical employment was not warranted. 


Additional English experiments (60) showed that overhead electrification 
markedly increased crops such as oats, especially when the intensity of the 


discharge was increased by lowering the wires, by reducing the distance between 
wires, and by reducing the thickness of the wires. 


Experiments in Scotland (61) on the overhead application of a high ten- 
sion electrical discharge to oats, barley, hay, potatoes, turnips, and swedes 
grown in rotation during a period of 5 years failed to produce sufficient 
increases in yield to repay the cost of the treatment. 
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Three years! studies at the Missouri Botanical Gardens (62) on the over- 
head electrical stimulation of truck crops showed increased yields and earlier 
maturity, but irdicated that before any definite practical application can be 
made it will be necessary to establish (1) quantative: measurements of the 
electrical discharge, (2) the different stimJating actions on plants at’ 
different stages of life,: (3) the effect of intensity of the stimulus and 
the time of application, and (4) the length of time elapsing between the 
application of the stimulus and the occurrence of une. stimulating effect, 


Experiments in South Wales fea Auer erreved the effectiveness of a net- 
work of No. 24 steél wire with meshes 6 ft. square*and straight wires 9 feet 
apart suspended 5 feet and’ 2 feet above ground and through which was passed a 
current varying between 30, 000 and 39, 000 volts in increasing the ae ae crop 
~on heavy loam soils, 


Experiments conducted at the Kent tucky Station (ay showed that in general 
smaller crop yields were:obtained.on electrified plats Chan on nonelectrified 
plats with the exception-of Eee 


Pot experiments at the. HOt nantes Eesringtiel BiStion in phe ieea (65) 
showed that an overhead electrical discharge accelerated reproductive growth 
of barley apart from vegetative growth. Field experiments indicated that with | 
overhead wires set a distance apart not mich in excess of their height ray. 
half of the current supplied to the wires reached the crop. - Further pot experi- 
ments.at Rothamsted (66) indicated that alternating current is usually as effec- 
tive .or more so than direct-current, and that: ees current ae the plant 
increases growth the same as Rath Fas) Shae BEE 

“This. summary, while padonpiete Sethe Saaibaeave: of » contradictory Findings: 
shows the numerous lines along which possibly profitable investigation may be 
undertaken on the: overhead electrical stimlation of crops. While obviously 
the main object of most of. this work has been to determine.the nature of the - 
influence of overhead stimilation .on plant growth phenomena, it would seem that 
too little attention has yet been given to-the actual requirements of optimum 
growth and yicld.and the corresponding amounts, rates, frequencies, manner of 
application, eae other characteristics of overhead electrical stimlation which 
may promote such optimum growth conditions. 


Blectrical stimlation of crops throuzh the: soil.--The stimulation of crop 
érowth and yield by means of electrical currents passed through the soil has not 
been investigated so extensively.as has the atmospheric discharge method, 


Nevertheless, it apparently offers an opportunity for development into a possibly 


profitabie process which may add considerably to the electrical load. It is of 
course merely another kind. of. erga age gad and its economic value is yet to 
be established. SS ae a 


Early experiments at the Utah Station (67) showed that electricity conveyed 
by a network of wires 10 inches deep in the: soil apparently markedly increased 
the po etehe several field crops, but reduced the were of beret ps. 


Experiments at the MxeseeeiRo Res. St santa (68): in . which AGT eu teed copper 
wires connected with a dynamo were placed 2 inches below the surface of rich 
soils, showed a favorable influence of. such electrical ‘stimilation on the yield 
of parsnips,. radishes, carrots, lettuce, and turnips, while the yield of sweet 
German turnips and Egyptian beets was decreased. The ripening of tomatoes was 
hastened by such stimlation, =.- = | ai 
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Numerous experirents in Germany (65). on the influence of electric currents 
On cerops and soil organisms showed ,on the other hand that a constant current is 
injurious to both germination and development. of plants. This influence was 
most marked immediately between the electrodes, and tension, current strength, 
duration, soil conductivity, and general soil.composition as well as electroly- 
Sis seemed to be factors influencing the degree of injury. In this connection 
French experiments (70) showed that the influence of an electric current upon 
plants was quite See SeCerie. on soils hs varying CN a 


Experiments at the Massachdeeerd: Seetion (71) showed that ‘apparent ly the 
effect of positive and negative stimulation of plants offers a mechanical ex- 
planation of the positive and negative galvanotropism in roots. When plants 
were grown between positive and-negative electrodes, each electrode exerted 
a characteristic influence on the - root,.and that surface of the root nearest the 
anode was affected according the the nature of the stimulus on that side. When 
weak currents were used the positive current gave the greatest stimulation to 
those cells on the anode side of the root and induced bending in the root toward 
the negative pole. On the other hand, strong positive currents induced bending 
toward the anode, due to retardation or injury.of the cells on the side of the 
root toward it.- It appeared that increasing the electrical tension of the at- 
mosphere either by the use of static charges or by the use of high tension wires 
caused a greater degree of stimlation than passing the current through the soil. 
Alternat ing currents had a greater stimulating eee than direct currents. 


- Somewhat. in: contradiction to these results, western experiments (53) 
showed that a direct current. passing through the soil containing the seeds or 
roots of plants caused a gsin in root strocture and the electrified plants after 
transplanting were inore he scdy ané grew faster than the nonelectrified. Svimilar 


tests with alternating current gave positive results only under very low power 
values. 


The apparently contraéictery nature of some of these results would seem to 
indicats the immcrtarnce of les ening mare about’ the requirenents of optimum plant 
growth in diffe zent aes soil, Evidentiy soil composition has an -important 
infinence on the shime ion ef crops by electricity, and the nature of the 
currents whe ther dive Er 42 keel eee seams to merit consideration, 


seed'an?t seedlings by electricity.--Work on the electrical 
s has avparontly been divided into electrochemical treatment 
ani attempts to effect diwect stimulation by electrical currents. The SaaS 
provess consists essentinliy of passing a current of electricii ty thro solu- 
tion of conmon -salkt or some other compcund in which the seed 1 
periments have been conduc 126. on this process in Canada ( 
tation C77), and at the Aria: 


Ty reatme n 


the Rothamsted Nxperimental Stat aS oP 
Farm in the United States (7!). 

Most of these experiments did not bear out the claim that such treatment 
increases the yields of sueh cropsvasi wheat. - The Porete Farm experiments 
especially shewid no heirs oor profit resulting from such treatment. In fact, 
the grain yields from treated seed avernged 1.1 tushels per acre less than those 
from untreated seed, ae purpose in mentioning this process is merely to show 


its sta ve as a rather tocetietes possibility as a sourde of a profitebie 
electrical lead. “9 


1050. 


- loe 


The direct stimulation process, however Bupee to offer a slightly more 
favorable prospect. JEritish experiments 7a for example, showed that direct 
currents varying from 01755 to.-9. milliamperes produced a decreased’ respiration 
of germinating seed of: from:20 to 30:per cent. Where the current was rapidly 
reversed . the lower current: produced an increase in respiration, while the 
higher ‘currents: decreased, it..:- The: best results were obtained. by connecting the 
- positive pole of an electric: machine with a platinum loop just above the seeds, 
--. the latter eee ee with ae eaten and. thus ‘pagesns a. : ee into the 
SC@CS 2. =e ; ae Ra 


French Sreerinente (76) iwaieated that a , contimed electric current is 
ee crals LRJUTAONE. to the germination des seed, af re 


These: experiments as Fe) whole, while not ae promising, . inaa cage ne 
‘possibility of developing. the use-of alternating currents of low intensity — 
-for the. stimulation of-sced germination. It would seem that more” should be 
_known regarding tthe requirements of proper- ae rninedeee to be used é as a: eee 
. for .such TO RER : AEs 


So: far Enea: seems to be more-or macs secctey that eles fis ¢ a 
favorable influence on the growth;and yield of some crops under certain con- 


ditions, -The mode of action of such stimulation whether from.illumination, 
Ate PSs discharge, or soil treatment is yet obscure. Until that mode of 
action is made known for the proper crops under specific conditions: the result- 
ing electrical load.can never be-developed with any assurance that it- will 
eventually 2eaprofitable one. Everything indicates that individual investi- 
gations on the: ‘subject so far have been-too cursory. It would seem that pike: 
should be a greater. systematic variation. of conditions and ee pk the’ 

~ electrical Conditions.’ ee . . ae 


s 


~~ 


. -EIECTRICITY IN ANIMAL PRODUCTION. 


While apparently very little investigational work has been undertaken on 
‘the use-of electricity in the processes specifically related to livestock pro- 
duction, it: would.seem that this field is worthy of consideration at least as 
a possible source of a profitable electrical load. ' 


The -sclence-oftvyensilation.of animal swnertere ae rapidly developing and 

should eventually offer a field for the use of electricity in mechanical or 
forced ventilation where béef, pork, or dairy stock are handled on a large 
scale, The use of electricity for the artificial lighting of feéd lots to 
increase the gains in meat stock has also been advanced as a possibility. 
Obviously more study by animal experts is necessary to determine more definite- é 
ly what are the light reouirements of animals cofresponding to optimum feeding 
conditions. It would seem that this scheme offers its greatest abs ee = 
in winter feeding, , ; 


The preservation of succulent feeds and the curing or drying of such feeds 
as hay and grain by electricity suggests other possibly profitable uses of elec- 
tricity in matters relating directly to animal production. More or less recent 
studies on the preservation of green feeds by electricity have been conducted © 
by the California Station (77). In this work, alfalfa and foxtail silage treat- 
ed in three 30-inch tiles with a 220 volt alternating current of electricity for 
one and two months was in good condition upon opening, except for a little decay 
at the top and around the walls of the tiles. Cattle ate the silage without 
waste, While this process is apparently so far not very satisfactory 
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or profitable, the results obtained are obviously cf such a nature as to warrant 
further Study. Over one hundred instances of apparently successful electrical 
Silage preservation are on record in Germany (39). This experience has shown 
that objectionable bacterial action is arrested by the electrical treatment, 
ths better preserving the fodder. Each silo has a grounded electrode fixed 
at the bottom and a live electrode is placed on top of the freshly cut green 
Silage. From 24 to 4S hours of electrical treatment are required and each ton 
of fodder requires from 13 to 20 kilowatt hours of electricity. 


Hay curing by electricity has been successfully accomplished in experi- 
ments conducted in Scotland (39) in localities where the conditions for good 
hay curing are frequently if not almost constantly unfavorable. Stacked green 
grass was dried by air blown by an electrically driven fan. The rate of drying 
was inversely proportional to the amount of moisture suspended in the atmosphere 
no drying taking place when the atmosphere was saturated. The curing process 
required about 30 hours during which 60 per cent of the weight of the grass was 
evaporated. Hay cured in this manner had a better appearance and smell than 
naturally cured hay, and its nutritive value was greater. The profitableness 
of the process was apparently not established, but the results obviously warrant 
further attempts to develop the process into a profitable one. It should be 
noted that the Alabama Station has such work under consideration. 


The use of electricity for the maintenance of proper temperatures of the 
drinking water for stock, especially in wintér, seems also worthy of considera- 
tion. Of course the prevention of freezing would be a big factor, but it would 
seem that in the development of such a use a study should be made to determine 
the optimum ranges of drinking water temperatures for different fam animals. 
Automatic control of such temperatures by electricity would seem to be quite 
possible, 


ELECTRICITY IN DAIRYING. 


The processes involved in dairying which require heat and power would 

seem to offer an opportunity for the development of a quite sizable addition 

to the rural electrical ioad. While some experience has demonstrated that elec- 

tricity may be used in such processes, others have shown that the exact require- 

ments of many of these pxovesses are not guite well enough known to permit an 

entirely profitable use of electrical energy. German experiments (78) compar- 

ing steam and electricity in the work of an average small dairy indicated that 
cents per kilowatt hour in order to give 

al operations and milk and water heating. 


electric. power most cost-as 1 asc 
the economy of steam for both mechani. 


Us 


Experiments in New Zealand (79) on the use of electricity in five typical 
milking plants showed that a 2 horsepower motor was sufficient in most cases 
for machine milking on the prevailing average scale. Tests made in the United 
States (20) on an 6-machine milking equipment driven by a 3 horsepower motor 
showed that the power cost was about 2 mills per cow with electricity at 10 
cents per kilowatt hour. The average load on the moter was2.3 horsepower and 
the vacaum maintained by the pump was 15 inches. The New Zealand experiments 
noted above showed on the other hand that for average milking conditions a 3 
horsepower motor was uneconomical. Subsequent experiments showed that even a 
1 horsepower motor would cperate sufficient milking meehines to deal with a 


herd of 100 cows. Since a large proportion of the herds range from 10 to 20 
cows, a plant capable of milking two cows at a time is all that is required, 
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The final development ‘in New fiealand isa Sesaseae type of machine capable of 
fulfilling this service and driven by a motor of only 0.25 horsepower, This — 
strikingly illustrates the importance. font: better knowledge of economical 
power ees in such dairy work as. machine milking. : 


The results. of an: iubensine study of ite atilizatadhs of power and heat in 
German dairies (80) to compare the- efficiencies of steam power and central 
station energy showed that under the prevailing operating conditions of dairies: 

entral station energy was considerably more expensive than steam. Comparative 
trials of steam and electric motor power for performing the different operations 
in dairies in the Dahme distriet in Germany (81). showed that as a whole the 
electrical method was more expensive than. the steam plant method, although the 
unit fuel requirement was less. It is thus evident that much is yet to be. 
learned regarding the use of electricity in the. heat and power operations in 
dairying in order to make. such use generally profitable. 


The flexibility and sttncepeiBt Tek of pieces: energy to precise and 
accurate control would seem to make it ‘a quite desirable form of energy for use 
in dairying operations such as milk sterilization and pasteurization, British 
experiments (82) showed, for example, that bacteria in milk were stimulated by 
the passage of low electrical currents, and where static electricity was used 
their growth was favored to acconsiderable extent by a positive charge. On 


the other hand, where heavy charges were used the numbers of organisms decreased x 


very decidedly. Experiments conducted at.the University of ‘Liverpool (83) 
showed that by the use of a specially constructed electrical apparatus milk 
could be” sterilized without detriment to.its nutritive value and tubercle 
bacilli could be destroyed. Experiments in New South Wales (84) showed that 
satisfactory results were attained in the sterilization of milk by short ex- 
posure to a high tension electrical current. The milk was not unduly heated, 
no coagulation occurred, and it was possible to sterilize a continuous stream. 
There was a complete destruction of all colon and allied bacilli and an 
enormous reduction in bacteria of all kinds. ‘The milk was unaltered in compo- - 
sition and the enzyms were not destroyed. English experiments (85) on the 
effects of a ees alternating current at high potential in milk steriliza- 
tion showed that disease producing and milk souring bacteria were practically 
destroyed in the. raw product. Further experiments at the University of Liver- 
pool (86) demonstrated - that electricity can be successfully applied as a 
sterilizing agent .to milk, with special reference to Bacillus coli and its 
allies and tubercle bactili. - Similar results were obtained in experiments 5; 
by the British Board of Agriculture (87). Other experiments (8%) demonstrated 
the effectiveness of alternating current, especially in this process. It thus- 
seems evident thet if ecoromy as well as effectiveness.can be incorporated in | 
such uses of.electricity in dairying practices, a profitable addition can be 
made to the total rural electrical load. However, everything indicates that 
more should he known as. to the exact result it is desired to accomplish in 
processes for the sterilization or partial sterilization of milk, Preliminary 
investigations at the Alabama Station were recently narrowed down to an effort 
to determine just how far. such treatment should be carried as a basis for the 
development of economical electrical methods for its accomplishment. This 
would seem to indicate the necessity for more study on the part of dairy speci- 
alists, so that more exact requirements for mic treatment can be advanced 

for the engineers to meet. 


1050. 


rtm, FF. a . = =~ 2 . Ja Se are a oe, | ree Ree ae Se 


~ 


“49 & 
ELECTRICITY IN POULTRY HUSBANDRY AND EGG PRODUCTION, 


The use of Seer in “Bowl ty wn uaey and egg production apparently 
offers another opportunity for increasing the electrical load. Several of the 
State €©xperiment stations and foreign agricultural institutions have demon- 
strated the beneficial influence of maintaining proper temperatures in poultry 
houses, especially in winter, with reference to the comfort, health, and 
productiveness of the poultry. As far as the optimam range of such tempera- 


tures has been determined for specific conditions, it is evident that in some 

climates artificial heat will be required during parts of the year. The sus- 
ceptibility of electricity to precise. control would. seem to recommend its use 

CULO this purpose if ‘the exact requirements can be established and the electri- 


cal heating can be made automatic, Obviously, however, the facts governing 
the use of ‘electricity in a profitable manner must be established before the 
process can be adopted, 7 


A certain limited amount of experience has also indicated the possibility 
of. using electricity as a stimulus to the growth and development of poultry. 
In experiments conducted in Eneland (89), for example, a chicken house consist- 
ing of 6 flats, each large enough to accommodate 75 chickens, was electrified 
by a large helix of heavily insulated wire wound round it in turns about 6 
inches apart. It was found that when the current Was. applied for 10 minutes 
every hour during the day there was a mortaility of only 1.5 per cent among 
the chickens and that they were ready for market in 5 weeks instead of 3 months. 
In another instance the increase in weight of chickens in the electrified 
house was about 35 per cent. In still another test electrified chickens were 
given only two-thirds of the food given to nonelectrified chickens, and after 
one month the weight per bird was the same. ; 


Experiments in the United States (90) showed that high frequency currents 
apparentiy stimulated the blcod circulation of poultry by lowering the viscosity 
of the blocd. It was not established whether prolonged electric action in- 
creases growth up to maturity or whether its whole effect is to cause the 
maximum size to be reached sooner. The possibilities of this process are 


thus plainly evident, although obviously mach mst yet be learned regarding 


the nature of the stimmlation as a basis for determining the requirements of 
optimim growth ani the best methods of promoting the corresponding cone EaeEs 
by electrical stimulation. 


The use of eléctric light for increasing ege production, especially in the 
winter months, seéms also to be a quite promising process which will involve the 
profitable use of eisctricity. Experiments at the Kentucky Station (91) showed 
a marked increase in egz production during the winter months for both hens and 
piullets under electric light, although the annual production from hens not under 
light was slightly greater than from those under light. Similar results were 
obtained at the Ontario Agricultural Coileze (92) and at the North Carolina (93) 
94), Montana (95), and New Jersey (95) experiment stations. Experiments at the 
New Mexico Station (97) showed that artificial lighting caused a smaller egg pro- 


duction during the winter, although the lighted hens reached the highest point 


of production and laid more eggs when eggs were scarce, Experiments at the 
Michigan Station. (98) indicated that certain unsatisfactory results may follow 
too much artificial lighting. Experiments at the California Station (99) showed 
that birds in pens electrically lighted both before sunrise and after sunset each 
day went through a heavy molt in the spring. Those illuminated only at the end 
of the day molted,lightly, while those exposed in the morning hours only did not 
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molt at all. Further experiments at the California Station (100) indicated that 
the main cause of. increased egg production from the. use of artificial light in 
the winter seemed. to be the resulting longer time during which the birds were 
able to eat and exercise. Artificial/ was: found -to’ be. anatrisebie for. EReS Sere 
Light ink ic 

“It is ths evident 55 while there is ie ie disoereament « as- £0: 
proper practice, the results as a whole’indicate that artificial illumination 
“résults in greater e ge.. production. when eggs are. scarce and expensive, but. does 
not necesSarily. increase .the total annual egg production. In fact, there is 
somé .evidence that the total production is frequently. decreased. . However, the 
difference in the price of 6ggs when they are- ‘scarce and wnen tieg are plenti- 
ful indicates that the process may be made quite profitable, Apparently, how- 
ever, there is a problem involved which will require the determination of the 
best kind, periods, and intensity of illumination for pees ye Ureces of 
chickens under different specific conditions. : : 


A final use of electricity in poultry ies which seems’ ae of devel- 
opment is for heating brooders and incubators. Experiments at. the. California 
Station (101), in which a comparison was made of bbrooders heated by electricity, 
coal oil, coal, and gas heated hot water showed that the electrically heated 
brooder was the most economical. in labor and fuel consumption when filled to a 
reasonable capacity. It is worthy to note, in this connection, that the Alabama 
Station has undertaken a study of the electrical control of the fundamental 
factors entering into the incubation of hens! eggs. The preliminary analysis 
has indicated that the variable factors of incubation, the effects of which on 
the embryo’ should be studied and controlled between certain optimum points, 
are temperature, humidity, air flow, carbon dioxid, and other air gases, length 
of woot ine. periods; and time of turning. , 


ELECTRICITY. IN ORCHARD PRACTICES, 


The greatest use of electricity in rend practices will probably occur 

in those operations requiring power such as spraying, cultivation, etc., which 
may be included under mechanical farm operation requiring power. Another use, 
the possibilities of which would seem to warrant specific development, is for 
orchard heating to prevent injury to fruits by late frosts. The. importance of 
the development of practical andceconomical methods of orchard heating for this 
purpose needs no emphasis, and considerable work has been done along this line. 
Experiments conducted by the New Zealand Department of Agriculture (102) showed 
that the process of overhead electrification had a tendency to prevent frost ~ 
- injury in orchards... Experiments at the Utah Station (103) on the relative merits 
of heat supplied Se electric heaters and smudges for the prevention of frost in- 
jury in orchards. showed that: when electric heaters were distributed about in the 
_open in the same manner as smudge pots are distributed in an orcnard, 100 horse- 
power of electrical energy, when.converted into heat in the open air, resulted 
in a temperature rise of 20° F. with an outside Lente tears of 70° F. Approxi- 
mately 14 watts per square foot were required to obtain 1° F.. rise in tempera- _ 
ture. The results of 15 investigations at other stations agreed in showing that 
with 100 heaters to an acre, the orchard will remain about 4° F. warmer than the 
surrounding unheated area, Winds of 10 miles per hour reduced this to less than 
1.5° F.. On the assumption that the comaon smudge oils give out 18,000 B.t.w. 
per pound burned and that a gallon of this oil lasts 4 hours, it has been eee 
mated that these smdge pots develop approximately 6 watts per square foot in’ 
raising the temperature of the air in an orchard 1° F, 
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The use of eléctricity for this purpose would naturally seem to be out of 


the question for small orchards, But in the large fruit producing regions, it 


would seem that the development of such a use for electricity might be most 
profitable, especially-when it is considered that the use usually meets a very 
pressing UP TERRE, Which bacty .mean success or failure of the crop for the year. 


The problems involved. are numerous, and several of the experiment stations, 
including the California, New Mexico, and Alabama Stations, are or have been 
interested in solving them, It would seem that more study is needed to establish 
the ranges of minimum permissable temperatures for various fruits at different. 
stages of early development in different localities to serve as a basis for the 
deve lopment of the most effective and economical means and apparatus for supply- 
ing the necessary amounts of heat ‘by electricity. This will naturally involve a 
consideration of such factors as wind velocity, topography, and climatic conditions 


: COMBATING ‘INSECT PESTS AND HAIL BY ELECTRICITY. 


Entirely aside’ from the; nediahical operation of spraying, there would seem 
to be a possibility for the utilization of electricity for combating insect, 
fungous, and bacterial enemies of plants. Relatively little of an experimental 
nature has been done on such processes and apparently very little is known. 


However, the U. S. Department of Agriculture Bureau of Entomology and Public 
Roads cooperating have apparently found a use for electricity in the dusting of 


cotton fields by airplane in the fight against the boll weevil. . Apparently the 
use of the electricity is made in so charging the poisonous dust particles that 
they will be attracted by and held in place on the cotton. How great a-use of 
electricity this” process entails. As. not known. In fact, none of the exact details 
of the process are apparently as yet available. However, the fact that work is | 
being continued would indicate that the process offers quite considerable promise. 


As an éxannie of the more direct utilization of pieetricity for the destruc- 
tion of insect pests, it has been found by actual experiment (104) that an alter- 
nating current of high voltage and low ampereage can be passed through the bark 
of trees or through soil with the result that the insects or other harmful animal 
pests with which they are infested are destroyed. It has been found, however, that 
weak currents (82) may have a Pee effect on some yeasts and bacteria in 


~ solution. | 


Attention may also well be drawn at this point to the results of a French 
investigation (105) which showed that a hailstorm closely followed the course of 
a 45,000 volt, 8 phase transmission: line for a distance of 8.7 miles. The obser- 
vations indicated that the current had some effect in attracting and directing 
the storm, Further studies (106) indicated the possibility of using this means 
for protecting vineyards and crops from damage by hailstorms. While more recent 
studies have thrown some doubt on the value of this process, nevertheless there 
should be some consideration of its possibilities in the location of transmission 
lines with reference to growing crops. 


DRAINAGE AND IRRIGATION PUMPING BY ELECTRICITY. 


There is a record of considerable experience in the use of electricity as 


power for pumping in drainage and irrigation practices. Naturally the greater 


part of tle experimental work along this line has been done by the U. S. Depart- 
ment of Agriculture Bureau of Public Roads and by the U. S. Department of Interior 


Burea of Reclamation, Exact data on such investigational work wan best be obtained 
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from those bureaus. In addition it is interesting to review data from ameaet 
large scale experience with this practice. For example, data (107): from 125 
electrically driven irrigation pumping plants in the Pomona District in south-: 
ern California, operating on both deep well and low lift service, show that 
the cost varied from 2 to 3 cents per kilowatt hour. Other experience (103) 
with electrical irrigation pumping on an area of 10,000 acres with 69 motor 
driven pumping plants owneé by farmers showed that the cost of energy was less 
than 1 cent per kilowatt hour as supplied by a central station. It is thus 
evident that pumping by electricity for irrigation purposes represents a. quite © 
sizable electrical load, which may be obtained at fairly low rates in some.” 
localities. It would seem that with this load as a nucleus, “provided - pg Pape Hes 
profitable one, the opportunity for. -bailding up a profitable total electrical ~ 
load on farms- in eertain of the irrigated ‘ see tions is gai te promising. 
‘ any i 

ees dn some of the larger districts of the wet and. swampy sections ~ 
requires considerable pumping. Data on first cost and’ operating expenses of 
steam and electricity driven pumping stations used For ‘draining. agricultural — aoe 
lands along the Illinois and Mississippi Rivers’ (109)° showed: that the-cost 6f ie aoe 
building a modem electrical pumping station varies from 50 ‘to 60 per cent-of -~ “4 
building a steam driven plant to do the same work. ° The total operating Ree 
for electrical pumping stations for drainage district service has been found ~ 
to be from 10 to 3% per cent less than that of steam stations under the same - 
conditions. Everything indicates that the pomping lead in drainage districts 
in large overflowed sections may be sufficient to justify a large part of the ~ 
expense of installing transmission lines which may also be used for purely 
farm service, The importance of solving the problems, if any, which are in- © 
volved in the development of the practice of drainage pumping by electricity ee 
is thus plainly evident when considered -in pus ace Se the’ requirements sO ge aa 
general rural eect rit sce vion.. OF a RR ents ae Param  ei 


eae 


cS 


ELE orRIcITy Ly MISCELLANZOUS RURAL PRACTICES, epee: the gsotue 


There are many other Meee Pens! either ‘farm or “cooperative rural prac-_ 
tices which might be so devéloped both scientifically and economically as to. 
make the use of electricity as the source of the required energy a profitable 
use. Many of these are direct drive power uses while others require heat de- es 
velopment. For instance, the rural cooperative laundry movement. such as that — 
developed in Wisconsin might be the source of a large and profitable enovgh 
rural electrical load as to go a long way in justifying the installation of a 
transmission line. Cooperative destructive distillation of wood and other. 
wastes and refining of raw molasses such as is under considé ration at the: s-5t 
Alabama Station might also eee the same sakeae OP ; a anti Gee 


Wood seasoning offers an tnaiviaen mistellaneous use of electricity 

which justify consideration in some localities: French expe riments (110) have 2° 
shown, for example, that the passage of an electrical current through a stack 

of See wood, placed in a large tank filled with a solution containing 10 per - 

cent of borax, 5 per cent of resin, and a trace of sodium’ carbonate, -drives -_ 

the sap out of the timber and causes-the deposition of borax and resin im its: — 
place, thus completely filling up all pores .and interstices. . Other experiment” pee 
(111) showed that this process increased the resistance and strength of the wood | 
and decreased ,its liability to decay. It thus seems possible that. this process. 
might be developed into a profitable use of electricity in some localities, © 


1050. (OR 3 eS ee 


+ 23 - ; 


Undoubtedly other possibly profitable uses of electricity in miscellaneous 
farm practices might be brought to light by a careful study and analysis of the 
requirements and processes required in the detailed operations of different types 
of farming. The above few have been mentioned to illustrate the possibilities 
involved in such a development. 


- CONCLUSION. 


A consideration of the results of this study seems to indicate that not 
enough of a fundamental nature is yet known regarding the exact requirements of 
the more important processes of specific types of farming with reference to the 
use of electricity as the required energy, to justify the immediate and arbi- 
trary electrification of large rural areas without a previous and very definite 
knowledge as to how the electricity may be used profitably as a rather sizable 
and more or less constant load. 


While a great amount of both fundamental research and investigation has 
been undertaken by different agencies, much disagreement on important specific 
points is evident. In other cases the work has never advanced much beyond the 
suggestive stage, although the progress findings have been quite promising. In 
still other instances such as tillage the fundamental principles of the practice 
itself have never been established, thus indicating the necessity first for 
fundamental research on the process and then for developmental research on the 
machinery required to perform the process before electricity can be applied 
effectively and economically as the source of required power. 


in a very few cases the agricultural facts are apparently DESEIS SOL estab-— 
lished and the remaining work amounts merely to the determination of the require- 
ments for electrical energy and an exercise of applied agricultural engineering. 
These cases seem to be very much in the minority, however, 


It thus seems evident that the rational application of electricity to agri- 
culture will require, first, a large amount of fundamental agricultural and en- 
gineering research to provide the backbone of the movement, and, second, a cer- 
tain but gradually increasing amount of investigational work to determine power 
requirements and exact electrical applications. Both are important, but the first 
provides the logical basis for the second. 


Regardless of the lack of fundamental knowledge of the subject, this study 
indicates that the opportunities offered by electricity for the scientific and 
economic development of agriculture are so great as virtually to demand serious 
and intelligent consideration of general rural electrification. The hmanitarian 
side of the question alone is so weighty as to forcibly demand consideration. 

The convenience, safety, ease of control and general flexibility of electrical 
power are such great arguments in its favor as to justify the most extreme efforts 
to extend its use generally to agriculture. To do this profitab:y it mst be done 
intelligently, To-do it intelligently all the facts regarding the exact require- 
ments of agricultural processes and practices must be known not only to best use 
the electricity but to properly time the operations to provide a constant as well 
as a large electrical load. Since it is obvious that these facts are not very 
generally known with reference to the use of electricity as the source of energy, 
the only solution is to resort to systematic research and investigation following 
a rational and intelligently prepared program with a view to effecting a gradual 
and substantial development of processes and practices such that electricity may 
be profitably and permanently employed in their operation. 
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